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(57) ABSTRACT

An electrophotographic photosensitive drum includes a non-
circular twisted projection, provided at one longitudinal end
of the drum, having a cross-section with a plurality of corner
portions, and being engageable with a non-circular twisted
hole located at a central portion of a driving rotatable
member of a main assembly of an 1image forming apparatus
and has a cross-section with a plurality of corner portions;
and a second electroconductive member contactable with a
first electroconductive member electrically connected with
the main assembly of the 1mage forming apparatus. The first
clectroconductive member 1s disposed in the hole to ground
the drum. The second electroconductive member 1s provided
on the projection and electrically connected with the drum.
The contact position between the first and second electro-
conductive members moves 1n interrelation with the projec-
fion being retracted toward the hole by rotation of the
driving rotatable member when the projection 1s engaged
with the hole.

2 Claims, 9 Drawing Sheets
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ELECTROPHOTOGRAPHIC
PHOTOSENSITIVE DRUM, PROCESS
CARTRIDGE, AND
ELECTROPHOTOGRAPHIC IMAGE
FORMING APPARATUS

FIELD OF THE INVENTION AND RELATED
ART

The present 1nvention relates to an electrophotographic
photosensitive drum, a process cartridge comprising an
clectrophotographic photosensitive drum, and an electro-
photographic image forming apparatus.

Here, an electrophotographic 1mage forming apparatus
means an apparatus for forming an i1mage on recording
medium with the use of one of the electrophotographic
image forming methods. The examples of an electrophoto-
ographic 1mage forming apparatus include an electrophoto-
graphic copying machine, an electrophotographic printer
(for example, a laser printer, an LED printer, etc.), a fac-
simile apparatus, a word processor, etc.

A process cartridge 1s a cartridge which 1s removably
mountable 1n the main assembly of an 1mage forming
apparatus, and in which a minimum of one among a charging
means, a developing means, and a cleaning means, as a
processing means, and an electrophotographic photosensi-
five member, are integrally placed so that they can be
removably mountable 1n the main assembly of an 1mage
forming apparatus.

A photosensitive drum unit means an electrophotographic
photosensitive member 1n the form of a drum, employed by
the main assembly of an electrophotographic image forming
apparatus.

An electrophotographic image forming apparatus such as
a copying machine, a laser printer, a facsimile machine, etc.,
forms an electrostatic latent 1mage by selectively exposing
numerous points of the peripheral surface of the electropho-
tographic photosensitive drum uniformly charged by a
charging apparatus. Then, 1t develops the electrostatic latent
image into a visible 1mage (image formed of toner) by
adhering toner to the electrostatic latent image, with the use
of the developing apparatus, and yields a copy of an
intended 1mage by transferring the toner i1mage onto a
recording medium such as a sheet of paper. After the transfer
of the toner 1mage, 1t removes the toner remaining on the
peripheral surface of the electrophotographic photosensitive
drum, with the use of the cleaning apparatus, preparing the
photosensitive drum for the following image formation
operation.

In the field of an electrophotographic 1mage forming
apparatus employing an electrophotographic 1mage forma-
tion process, it has been a common practice to employ a
process cartridge system, in which an electrophotographic
photosensitive drum, and a single or plurality of processing,
means, such as a charging apparatus, a developing appara-
tus, a cleaning apparatus, etc., which act on the electropho-
tographic photosensitive drum, are integrally placed 1n a
cartridge removably mountable 1 the main assembly of an
image forming apparatus. According to this process car-
tridge system, apparatus maintenance can be carried out by
a user by himself, without the need for relying on service
personnel, drastically improving an 1mage forming appara-
tus 1n operational efficiency. Thus, a process cartridge sys-
tem has been widely used 1n the field of an 1mage forming
apparatus.

An electrophotographic photosensitive drum 1s structured
to allow residual electric charge to escape from the electro-
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2

photographic photosensitive drum to the main assembly of
the 1mage forming apparatus. More specifically, the electro-
photographic photosensitive drum comprises a drum cylin-
der formed of electrically conductive substance, and a pair
of flanges having a shaft portion by which the electropho-
tographic photosensitive drum 1s supported by the frame of
a process cartridge or the main assembly of the 1mage
forming apparatus. The flanges are attached to the length-
wise ends of the drum cylinder by being pressed into the
openings of the lengthwise ends of the drum cylinder. One
of the flanges 1s provided with an electrically conductive
member, which 1s located at the center of the flange. This
conductive member 1s provided with a projection, which
contacts the internal surface of the drum cylinder, and a flat
portion by which the conductive member of the flange
contacts the conductive member on the main assembly side
of the 1mage forming apparatus. According to the prior art,
the conductive member on the main assembly side 1s kept in
contact with the conductive member of the flange by utiliz-
ing the resiliency of a spring or the like, 1n order to keep the
clectrophotographic sensitive drum electrically connected to

the apparatus main assembly (Japanese Laid-open Patent
Application 2000-112200).

SUMMARY OF THE INVENTION

The primary object of the present invention 1s to provide
an electrophotographic photosensitive drum capable of reli-
ably establishing electrical connection between 1t and the
main assembly of an electrophotographic 1image forming
apparatus, a process cartridge comprising said electropho-
tographic photosensitive drum, and an electrophotographic
image forming apparatus compatible with said electropho-
tographic photosensitive drum and process cartridge.

Another object of the present invention 1s to provide an
clectrophotographic photosensitive drum capable of wiping
its electrically conductive member 1n order to be reliably
orounded, a process cartridge comprising said electropho-
tographic photosensitive drum, and an electrophotographic
image forming apparatus compatible with said electropho-
tographic photosensitive drum and process cartridge.

Another object of the present invention 1s to provide an
clectrophotographic photosensitive drum capable of rotating
the first and second electrically conductive members
together 1n order to prevent the conductive members from
being frictionally worn, a process cartridge comprising said
clectrophotographic photosensitive drum, and an electro-
photographic image forming apparatus compatible with said
clectrophotographic photosensitive drum and process car-
tridge.

According to an aspect of the present invention, there 1s
provided an electrophotographic photosensitive drum usable
with an electrophotographic 1mage forming apparatus, com-
prising a non-circular twisted projection having a cross-
section with a plurality of corner portions, the non-circular
twisted projection being provided at one longitudinal end of
the electrophotographic photosensitive drum, and being
engageable with a non-circular twisted hole having a section
with a plurality of corner portions, the non-circular twisted
hole being disposed at a central portion of a driving rotatable
member of a main assembly of the 1mage forming apparatus;
and a second electroconductive member contactable with a
first electroconductive member electrically connected with a
main assembly of the image forming apparatus, the first
clectroconductive member being disposed in the hole to
oround the electrophotographic photosensitive drum, the
said second electroconductive member being provided on
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the projection and being electrically connected with the
electrophotographic photosensitive drum, wherein a contact
position between the second electroconductive member and
the first electroconductive member moves 1n 1nterrelation
with the projection being moved toward the hole by rotation
of the driving rotatable member when the projection 1is
engaged with the non-circular twisted hole of the driving
rotatable member.

According to another aspect of the present invention,
there 1s provided an electrophotographic photosensitive
drum usable with an electrophotographic 1image forming
apparatus, comprising a non-circular twisted projection hav-
Ing a cross-section with a plurality of corner portions, the
non-circular twisted projection being provided at one lon-
ogitudinal end of the electrophotographic photosensitive
drum, and being engageable with a non-circular twisted hole
having a section with a plurality of corner portions, the
non-circular twisted hole being disposed at a central portion
of a driving rotatable member of a main assembly of the
image forming apparatus; a second electroconductive mem-
ber contactable with a first electroconductive member elec-
trically connected with a main assembly of the image
forming apparatus, the first electroconductive member being
disposed 1n the hole to ground the electrophotographic
photosensitive drum, the second electroconductive member
being provided on the projection and bemg electrically
connected with the electrophotographic photosensitive
drum, wherein while the projection is 1n engagement with
the hole and 1s being rotated, the second electroconductive
member and the first electroconductive member are inte-
orally rotated while being 1n contact with each other.

According to a further aspect of the present invention,
there 1s provided a process cartridge detachably mountable
to an electrophotographic image forming apparatus, the
process cartridge comprising an electrophotographic photo-
sensitive drum; a non-circular twisted projection having a
cross-section with a plurality of corner portions, the non-
circular twisted projection being provided at one longitudi-
nal end of the electrophotographic photosensitive drum, and
being engageable with a non-circular twisted hole having a
section with a plurality of corner portions, the non-circular
twisted hole being disposed at a central portion of a driving
rotatable member of a main assembly of the image forming
apparatus; and a second electroconductive member con-
tactable with a first electroconductive member electrically
connected with the main assembly of the 1mage forming
apparatus, the first electroconductive member being dis-
posed 1n the hole to ground the electrophotographic photo-
sensitive drum, the second electroconductive member being
provided on the projection and being electrically connected
with the electrophotographic photosensitive drum, wherein
a contact position between the second electroconductive
member and the first electroconductive member moves 1n
interrelation with the projection being moved toward the
hole by rotation of the driving rotatable member when the
projection 1s engaged with the hole of the driving rotatable
member.

According to a further aspect of the present invention,
there 1s provided a process cartridge detachably mountable
to an electrophotographic image forming apparatus, the
process cartridge comprising an electrophotographic photo-
sensifive drum; a non-circular twisted projection having a
cross-section with a plurality of corner portions, the non-
circular twisted projection being provided at one longitudi-
nal end of the electrophotographic photosensitive drum, and
being engageable with a non-circular twisted hole having a
section with a plurality of corner portions, the non-circular
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twisted hole being disposed at a central portion of a driving
rotatable member of a main assembly of the image forming
apparatus; and a second electroconductive member con-
tactable with a first electroconductive member electrically
connected with the main assembly of the 1mage forming
apparatus, the first electroconductive member being dis-
posed 1n the hole to ground the electrophotographic photo-
sensitive drum, the second electroconductive member being
provided on the projection and being electrically connected
with the electrophotographic photosensitive drum, wherein
while the projection 1s in engagement with the hole and 1s
being rotated, the second electroconductive member and the
first electroconductive member are integrally rotated while
being 1n contact with each other.

According to a further aspect of the present invention,
there 1s provided a electrophotographic image forming appa-
ratus to which a process cartridge 1s detachably mountable,
comprising

(1) rotational drive member;

(i1) a non-circular twisted hole having a cross-section with
a plurality of corner portions, the non-circular twisted hole
being disposed at a central portion of a driving rotatable
member of a main assembly of the apparatus;

(i11) a first electrophotographic member electrically con-
nected with the main assembly of the 1mage forming appa-
ratus;

(iv) a process cartridge demountably mounted to a car-
tridge mounting portion, the process cartridge including,

an electrophotographic photosensitive drum,

a non-circular twisted projection having a cross-section
with a plurality of corner portions, the non-circular twisted
projection being provided at one longitudinal end of the
clectrophotographic photosensitive drum, and being engage-
able with the non-circular twisted hole, and

a second electroconductive member contactable with a
first electroconductive member electrically connected with a
main assembly of the image forming apparatus to electri-
cally ground the electrophotographic photosensitive drum,
the second electroconductive member being provided on the
projection and being electrically connected with the elec-
trophotographic photosensitive drum,

wheremn a contact position between the second electro-
conductive member and the first electroconductive member
moves 1n Interrelation with the projection being moved
toward the hole by rotation of the driving rotatable member
when the projection 1s engaged with the hole of the driving
rotatable member.

According to a further aspect of the present invention,
there 1s provided an electrophotographic 1mage forming
apparatus to which a process cartridge 1s detachably mount-
able, comprising

(1) rotational drive member;

(i1) a non-circular twisted hole having a cross-section with
a plurality of corner portions, the non-circular twisted pro-
jection being disposed at a central portion of a driving
rotatable member of a main assembly of the apparatus;

(i11) a first electroconductive member electrically con-
nected the main assembly of said image forming apparatus,
the first electroconductive member being disposed in the

hole;

(iv) a process cartridge demountably mounted to a car-
tridge mounting portion, the process cartridge including,

an electrophotographic photosensitive drum,

a non-circular twisted projection having a cross-section
with a plurality of corner portions, the non-circular twisted
projection being provided at one longitudinal end of the
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clectrophotographic photosensitive drum, and being engage-
able with the non-circular twisted hole, and

a second electroconductive member contactable with a
first electroconductive member electrically connected with
the main assembly of the image forming apparatus to
clectrically ground the electrophotographic photosensitive
drum, the second electroconductive member being provided
on the projection and being electrically connected with the
electrophotographic photosensitive drum,

wherein while the projection 1s 1n engagement with the
hole and 1s being rotated, the second electroconductive
member and the first electroconductive member are inte-
orally rotated while being 1n contact with each other.

These and other objects, features, and advantages of the
present invention will become more apparent upon consid-
eration of the following description of the preferred embodi-
ments of the present invention, taken 1n conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic sectional view of the multicolor
image forming apparatus in one of the preferred embodi-
ments of the present invention.

FIG. 2 1s a schematic sectional view of the 1mage forming,
apparatus 1n the preferred embodiment of the present inven-
tion, the front cover of which has been opened to expose the
opening through which process cartridges are mserted.

FIG. 3 1s an enlarged cross-sectional view of the process
cartridge 1n the preferred embodiment of the present inven-
tion.

FIG. 4 1s a perspective view of the process cartridge in the
preferred embodiment of the present invention.

FIG. 5 1s a perspective view of the process cartridge in the
preferred embodiment of the present invention.

FIG. 6 1s a schematic sectional view of the main assembly
of the 1mage forming apparatus in the preferred embodiment
of the present mvention, for describing how the process
cartridges are mounted into the main assembly.

FIG. 7 1s a perspective view of the photosensitive drum
unit in the preferred embodiment of the present invention.

FIG. 8 1s a combination of a perspective view and
sectional views of the photosensitive drum unit, for describ-
ing the steps followed to attach the drum grounding plate.

FIG. 9 1s a detailed vertical sectional view of the drum
ogrounding plate 1n the preferred embodiment of the present
invention, describing the structure thereof.

FIG. 10 1s a detailed vertical sectional view of the drum
cgrounding plate in the preferred embodiment of the present
invention, describing the structure thereof.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, the preferred embodiments of the present
invention will be described with reference to the appended
drawings.

|Embodiment 1]

(1) General Structure of Image Forming Apparatus

FIG. 1 1s a vertical sectional view of the multicolor 1mage
forming apparatus in the preferred embodiment of the
present 1nvention, showing the general structure thereof.
This multicolor image forming apparatus 1s a full-color laser
beam printer which uses an electrophotographic process of
a transter type, and employs a plurality of process cartridges
removably mountable 1n its cartridge compartment. It has a
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process cartridge compartment 1n which a plurality of pro-
cess cartridges are virtually vertically stacked 1n parallel.

Designated by a referential number 100 1s the main
assembly of the image forming apparatus (which hereinafter
will be referred to simply as apparatus main assembly), and
designated by a referential number 101 is a front cover of the
apparatus (which hereinafter will be referred to simply as
front cover). This front cover 101 is hinged to the apparatus
main assembly 100, being enabled to be opened or closed by
being rotated about the hinge shaft 101a located at the
bottom edge of the front cover 101. In FIG. 1, the front cover
101 1s closed against the apparatus main assembly 100, and
in FIG. 2, the front cover 101 has been opened toward an
operator, exposing the opening 91 through which process
cartridges are inserted into the apparatus main assembly
100.

Designated by referential numbers 7a, 7b, 7c, and 7d are
four process cartridges (which hereinafter will be referred to
simply as cartridges), that is, first to fourth cartridges for
forming toner 1mages of magenta, cyan, yellow, and black
colors, which correspond to the color components into
which the optical image of an intended full-color image 1s
separated. These cartridges 7 are stacked in parallel in the
direction slightly tilted from the true vertical direction, in the
cartridge compartment of the apparatus main assembly 100,
being stacked i the listed order, with the cartridge 7a
positioned at the bottom.

Each cartridge 7(a—d) has an electrophotographic photo-
sensitive member, as an image bearing member 1(a—d), in
the form of a drum (which hereinafter will be referred to as
photosensitive drum). It also has such electrophotographic
processing devices as a charging apparatus (charging means)
2(a—d) for uniformly charging the peripheral surface of the
photosensitive drum 1, a developing apparatus (developing
means) 4 for developing the electrostatic latent image
formed on the peripheral surface of the photosensitive drum
1 into a toner image (image formed of toner) by adhering
toner to the electrostatic latent 1mage, a cleaning apparatus
(cleaning means) 6(a—d) for removing the toner remaining
on the peripheral surface of the photosensitive drum 1 after
the transfer of the toner image onto a transfer medium
(recording medium), etc.

The developers stored 1n the developing apparatuses
4(a—d) of the first to fourth cartridges 7(a—d) are magenta,
cyan, yellow, and black toners, respectively.

Designated by reference characters 3a, 3b, 3¢, and 3d are
four scanner units which correspond to the four cartridges 7
onc for one. The scanner unit 1s an exposing means for
forming an electrostatic latent image on the peripheral
surface of the photosensitive drum 1, by projecting a beam
of laser light (image forming light) L. onto the uniformly
charged peripheral surface of the photosensitive drum 1.
More specifically, the beam of laser light L outputted from
the laser diode (unshown) while being modulated with
image formation data 1s reflected (deflected) by the polygon
mirror 9(a—d) being rotated at a high speed by the scanner
motor (unshown). The reflected beam of laser light L is sent
through the image forming lens 10(a—d), being thereby
focused on the uniformly charged peripheral surface of the
photosensitive drum 1. As a result, numerous points of the
uniformly charged peripheral surface of the photosensitive
drum 1 are selectively exposed, forming an electrostatic
image on the peripheral surface of the photosensitive drum
1.

Designated by a reference number 93 1s a partitioning,
wall 1n the apparatus main assembly 100. It partitions the
cartridge compartment, in which the four cartridges 7(a—d)
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are mounted, from the scanner unit compartment, in which
the four scanner units 3(a—d) are located. The beam of laser
light L. outputted from each of the scanner units 3(a—d)
enters the corresponding cartridge 7 through the correspond-
ing window 95, that 1s, one of the windows with which the
partitioning wall 93 1s provided, and scans the peripheral
surface of the corresponding photosensitive drum 1, selec-
fively exposing the numerous points of the peripheral sur-
face of the photosensitive drum 1.

Designated by a referential number 5 1s an electrostatic
transferring apparatus (electrostatic transferring means),
which 1s attached to the mmward side of the front cover 101.
Thus, the front cover 101 1s opened or closed, along with this
clectrostatic transferring apparatus 5, against the apparatus
main assembly 100 (FIG. 2). The electrostatic transferring
apparatus 5 1s provided with an electrostatic transfer belt 11,
which 1s circularly driven in contact with all of the photo-
sensitive drum 1 of the first to fourth cartridges 7 after the
front cover 101 1s closed against the apparatus main assem-
bly 100. Designated by referential numbers 124, 125, 12c,
and 12d are four transfer rollers, which are placed within the
loop formed by the electrostatic transfer belt 11, being
positioned so that the electrostatic transfer belt 11 remains
pinched between the photosensitive drums 1 of the first to
fourth cartridges 7(a—d), and electrostatic transfer belt 11.

Designated by a reference number 16 1s a transfer medium
conveying portion located in the bottom portion of the
apparatus main assembly 100. It 1s a portion for causing a
transfer of a medium S to the electrostatic transfer belt 11 of
the electrostatic transferring apparatus 5. Designated by a
reference number 17 1s a sheet feeder cassette of the transfer
medium conveying portion 16, in which a plurality of
transter media S are stored. Designated by reference num-
bers 18 and 19 are a sheet feeder roller (semicylindrical
roller), and a pair of registration rollers, respectively.

Designated by a referential number 20 1s a fixation station
located 1n the top portion of the apparatus main assembly
100. It fixes to the transfer medium S a plurality of toner
images different in color having been transferred onto the
transfer medium S. It has a rotational heat roller 21a, a
pressure roller 21b kept pressured upon the heat roller 21a
to apply pressure to the transfer medium S, etc. Designated
by referential numbers 23 and 24 are a pair of discharge
rollers, and a delivery tray portion which catches the transfer
medium S on which an 1mage has just been formed.

The photosensitive drums 1 1n the first to fourth cartridges
7 are sequentially rotated in the counterclockwise direction
indicated by an arrow mark with predetermined timings of
the 1mage formation sequence. Then, the scanner units
3(a—d) are sequentially driven in synchronism with the
rotations of the photosensitive drums 1 of the corresponding
cartridges 7. Further, the electrostatic transfer belt 11 of the
clectrostatic transferring apparatus 3 1s circularly driven by
a driver roller 13 1n the clockwise direction indicated by an
arrow mark at the peripheral velocity matching the periph-
eral velocities of the photosensitive drums 1.

As each photosensitive drum 1 1s rotated as described
above, its peripheral surface is uniformly charged (primary
charge) by the charging apparatus 2(a—d) to predetermined
polarity (negative in this embodiment) and potential level.
The charged peripheral surface of the photosensitive drum 1
1s exposed to the beam of laser light L outputted from the
scanner unit 3 while being modulated with the image
formation data. As a result, an electrostatic latent 1mage 1n
accordance with the 1mage formation data 1s formed on the
peripheral surface of the photosensitive drum 1.
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The electrostatic latent image 1s developed (in reverse
with use of toner, inherent polarity of which 1s negative, in
this embodiment) into a toner image (image formed of toner)
by the developing apparatus 4. As a result, toner 1mages of
magenta, cyan, yellow, and black colors are formed on the
peripheral surfaces of the photosensitive drums 1 of the first
to fourth cartridges 7(a—d), respectively, with predetermined
sequence control timings.

Meanwhile, the feed roller 18 of the transfer medium
conveying portion 16 1s rotationally driven with the prede-
termined sequence control timing, feeding the transfer medi-
ums S 1nto the apparatus main assembly 100 from the
cassette 17, while separating them one by one. As the
leading end of each transfer medium S 1s conveyed, 1t comes
into contact with the nip formed by the pair of registration
rollers 19 which are not being rotated. As 1t comes into
contact with the pair of registration rollers 19, 1t 1s tempo-
rarily kept on standby, arcing upward. Then, the registration
rollers 19 begin to be rotationally driven in synchronism
with the circular movement of the electrostatic transfer belt
11 and the movement of the line of the peripheral surface of
the photosensitive drum 1, at which the toner 1mage begins
to be written. As a result, the transfer medium S 1s conveyed
to the tension roller side of the upwardly moving side of the
clectrostatic transfer belt 11, and 1s electrostatically adhered
to the surface of the electrostatic transfer belt 11 by the static
clectricity naturally induced in the electrostatic transtfer belt
11, bemng thereby reliably held to the electrostatic transfer
belt 11. Then, the transfer medium S 1s conveyed to the
fransfer station, or the most downstream station, by the
movement of the electrostatic transfer belt 11. The transfer
medium conveying portion 16 may be provided with a
charging means, such as an electrostatic adhesion roller, or
the like, for intentionally charging the transfer medium S
and/or electrostatic transfer belt 11 1n order to electrostati-
cally adhere the recording medium S to the electrostatic
transfer belt 11.

While being conveyed as described above, the transfer
medium S sequentially receives 1n layers the toner 1images
formed on the peripheral surfaces of the photosensitive
drums 1; the toner 1mages formed on the peripheral surfaces
of the photosensitive drums 1 of the first to fourth cartridges
7 are sequentially transferred 1n layers onto the recording
medium S by the electric field formed between the photo-
sensifive drums 1 and corresponding transfer rollers 12. In
this embodiment, bias with the positive polarity is applied to
cach transfer roller 12, causing thereby positive electric
charge to be applied to the transter medium S through the
clectrostatic transfer belt 11, generating the electric field,
which ftransfers the toner 1mages on the photosensitive
drums 1, which are positive 1n polarity, onto the transfer
medium S being conveyed 1n contact with the photosensitive
drums 1(a—d), during the image transfer operation.

More specifically, the transfer medium S 1s electrostati-
cally adhered to the surface of the electrostatic transter belt
11, being held thereto, and 1s conveyed upward by the
rotation of the electrostatic transfer belt 11. While the
transfer medium S 1s conveyed upward by the electrostatic
transfer belt 11 as described above, 1t sequentially receives
in layers the toner 1mages of magenta, cyan, yellow, and
black colors formed on the peripheral surfaces of the pho-
tosensitive drums 1 of the first to fourth cartridges 7; 1t
receives one toner 1mage in each transter station. As a resullt,
an unfixed full-color toner image i1s synthesized on the
surface of the recording medium S.

After the reception, 1n layers, of the four toner images
different 1n color, the transfer medium S 1s separated from
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the electrostatic transter belt 11 by the curvature of the driver
roller 13 of the transfer medium conveying portion 16, and
1s conveyed into the fixation station 20. In the fixation
station 20, the transfer medium S 1s conveyed through the
fixation nip formed by the rotating heat roller 214, and
pressure roller 215 rotated while being pressed against the
heat roller 21a. As a result, the plurality of toner 1images
different in color are fixed to the transfer medium S by the
heat and pressure applied to the transfer medium S by the
pair of rollers 21a and 21b. After the fixation of the toner
images to the transfer medium S in the fixation station 20,
the transfer medium S 1s discharged by the pair of discharge
rollers 23 into the external delivery tray 24 of the apparatus
main assembly 100, with the 1mage bearing surface of the
transfer medium S facing downward.

The residues such as the toner remaining on the peripheral
surface of the photosensitive drum 1 in each of the first to
fourth cartridges 7 after the transfer of the toner image onto
the transter medium S are removed by the cleaning appa-
ratus 6, and the photosensitive drum 1 1s used for the
following 1mage formation.

(2) Process Cartridge 7

FIG. 3 1s an enlarged cross sectional view of the cartridge
7, and FIGS. 4 and 5 are schematic perspective views of the
cartridge 7.

In this embodiment, the photosensitive drum 1 1s an
integral part of the cartridge 7, and therefore, it 1s removably
mounted i1nto the apparatus main assembly 100 as the
cartridge 7 1s removably mounted into the apparatus main

assembly 100.

In the following description of this embodiment, the
widthwise direction of the cartridge 7 or the structural
components thereof 1s the direction parallel to the direction
in which the cartridge 7 1s mounted 1nto, or removed from,
the apparatus main assembly 100, whereas the lengthwise
direction means the direction intersectional (perpendicular)
to the direction 1n which the cartridge 7 1s mounted 1nto, or
removed from, the apparatus main assembly 100. The front
side of the cartridge 7 means the side of the cartridge 7
which faces the direction from which the cartridge 7 1s
inserted 1nto the apparatus main assembly 100, or the
direction toward which the cartridge 7 1s removed from the
apparatus main assembly 100; 1n other words, it 1s the side
of the cartridge 7 where the hole of the cartridge 7 through
which the photosensitive drum 1 1s exposed 1s present. The
rear side of the cartridge 7 means the side opposite to the
front side. The left and right of the cartridge 7 means the left
and right sides, as seen from the front side of the cartridge
7. The top and bottom sides of the cartridge 7 means the
sides which will be on the top and bottom sides, respectively,
after the mounting of the cartridge 7 into the apparatus main

assembly 100.

The first to fourth cartridges 7(a—d) are the same (in
structure) except for the developers stored in the toner
container portions (developer storage portions) of the devel-
oping apparatuses 4(a—d) of the first to fourth cartridges
7(a—d); the toner container portions of the first to fourth
cartridges 7a, 7b, 7c, and 7d contain magenta toner, cyan
toner, yellow toner, and black toner, respectively.

The cartridge 7 1s made up of the cleaner unit 50 and
development unit 4A. The cleaner unit 50 comprises the
photosensitive drum 1, charging means 2, and cleaning
means 6, whereas the development unit 4A comprises the
developing means for developing an electrostatic latent
image on the peripheral surface of the photosensitive drum

1.
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The cleaner unit 50 also comprises a frame 51 to which
the photosensitive drum 1, primary charging apparatus 2 for
uniformly charging the photosensitive layer, or the outer-
most layer, of the photosensitive drum 1, cleaning blade 60
as the cleaning means 6 for removing the developer (residual
toner) remaining on the peripheral surface of the photosen-
sitive drum 1 after the i1mage transfer, and a flexible sheet 80,
etc., are attached.

The photosensitive drum 1 comprises an aluminum cyl-
inder, and a photosensitive layer formed on the peripheral
surface of the aluminum cylinder. It 1s provided with flanges
72 and 75, which are attached to the lengthwise ends of the
photosensitive drum 1, one for one. The flanges 72 and 75
are rotatably supported by supporting members (bearings)
31a and 31bH, with which the left and right walls of the
cleaner unit frame 51 are provided. Of the two flanges 72
and 75, the flange 72 functions as a driving force transmit-
ting member which couples with the rotational driving force
transmitting member (unshown) of the apparatus main
assembly 100, and receives the driving force from the
driving force transmitting member (unshown) of the appa-
ratus main assembly 100. The configurations of the driving
force transmitting member of the apparatus main assembly
100 and the flange 72, and the manner of their connection,
will be described in Section (4).

As the charging apparatus 2, a charging apparatus of a
contact type may be used. The charging member 1s an
clectrically conductive roller, the peripheral surface of
which 1s placed in contact with the peripheral surface of the
photosensitive drum 1. The roller 1s rotated by the rotation
of the photosensitive drum 1. The peripheral surface of the
photosensitive drum 1 1s uniformly chareged by applying
charge bias voltage to the roller while the roller 1s rotated by
the rotation of the photosensitive drum 1.

The residual toner (waste toner) is removed from the
peripheral surface of the photosensitive drum 1 by the
cleaning blade 60, and the removed residual toner is stored
in the waste toner chamber (residual toner storage chamber)
55 located above the cleaning blade 60. Incidentally, the
toner remaining on the peripheral surface of the photosen-
sitive drum 1 after the toner 1image transfer therefrom moves
past the contact area between the flexible sheet 80 and the
peripheral surface of the photosensitive drum 1, and reaches
the cleaning blade 60. The flexible sheet 80 1s attached to the
cleaner unit frame 51 1n order to prevent the residual toner
from leaking out of the cleaner unit frame 51 after the
residual toner 1s removed from the peripheral surface of the
photosensitive drum 1 by the cleaning blade 60.

The development unit 4A comprises: a development
sleeve 40, which is rotated (in the direction indicated by
arrow mark in FIG. 3), with a minute gap maintained
between the peripheral surfaces of the development sleeve
40 and photosensitive drum 1 by a pair of spacer rings 40a;
and development means frames 45a and 45b, in which the
toner 1s stored. The developing means frames 454 and 45b
are joined by ultrasonic welding or the like means, forming,
the container unit 46. The development sleeve 40 1s rotatably
supported by the developing means container unit 46, with
a pair of bearings placed between the development sleeve 40
and the unit 46. In the adjacencies of the peripheral surface
of the development sleeve 40, a toner supply roller 43, which
1s rotated 1n the clockwise direction indicated by an arrow
mark 1n contact with the peripheral surface of the develop-
ment sleeve 40, and the development blade 44, are located.
Further, in the toner container portion (developer storage
portion) 41 of the developing means container unit 46, a
toner conveyance mechanism 42 for conveying the toner
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(unshown) stored in the toner container portion 41, to the
toner supply roller 43 while stirring it, 1s located.

The development unit 4A 1s provided with a pair of
connective holes 47, which are located at the lengthwise
ends of the container unit 46, one for one, whereas the
cleaner unit frame 51 of the cleaner unit 50 1s provided with
a pair of supportive holes 52, which are located at the length
ends of the cleaner unit frame 51. The development unit 4A
and cleaner unit 50 are connected to each other by 1nserting
a pair of pins 49 through the connective holes 47 and
supportive holes 52 while holding the two units so that the
connective holes 47 and supportive holes 52 align one for
one. As a result, the entirety of the development unit 4A
becomes rotatable about the pins 49, being thereby movable
relative to the cleaner unit 50 while remaining suspended
from the cleaner unit 50. Further, the development unit 4A
is kept pressured by a pair of springs (unshown) in the
direction to rotate the development unit 4A about the pins 49
so that the spacer rings 40a of the development sleeve 40 are

kept 1n contact with the photosensitive drum 1 1n the cleaner
unit 50.

During a developing operation, the toner in the toner
container 41 1s conveyed by the stirring mechanism 42 to the
toner supply roller 43, which 1s being rotated 1n the clock-
wise direction, in contact with the development sleeve 40
which 1s being rotated also 1n the clockwise direction. As a
result, the peripheral surface of the supply roller 43 1s rubbed
against the peripheral surface of the development sleeve 40,
causing the toner on the peripheral surface of the supply
roller 43 to be transferred onto the peripheral surface of the
development sleeve 40. The toner having been borne on the
peripheral surface of the development sleeve 40 1s brought
by the rotation of the development sleeve 40 to the devel-
opment blade (toner layer regulating member) 44. Thus, as
the development sleeve 40 1s further rotated, the layer of the
toner on the peripheral surface of the development sleeve 40
1s regulated 1n thickness by the development blade 44, into
a thin layer of the toner uniform in thickness, while being
orven a predetermined amount of electric charge. Then, the
thin layer of the tonmer on the peripheral surface of the
development sleeve 40 1s brought by the further rotation of
the development sleeve 40 to the development station, in
which the distance between the photosensitive drum 1 and
development sleeve 40 1s extremely small. In the develop-
ment station, the toner from the thin layer of the toner on the
peripheral surface of the development sleeve 40 1s adhered
to the electrostatic latent image on the peripheral surface of
the photosensitive drum 1, by the development bias applied
to the development sleeve 40 from the electrical power
source (unshown); in other words, the latent image 1is
developed. More specifically, the development sleeve 40
forms (develops) a toner image on the peripheral surface of
the photosensitive drum 1 by transferring toner onto the
numerous points of the electrostatic latent 1mage, which are
lower 1n potential level.

The toner which did not contribute to the development of
the latent 1mage, that 1s, the toner which remained on the
development sleeve 40, 1s returned by the further rotation of
the development sleeve 40, into the container unit 46, in
which 1t 1s stripped from the development sleeve 40 by the
supply roller 43, 1n the area 1n which the peripheral surfaces
of the supply roller 43 and development sleeve 40 are
rubbing against each other; in other words, the residual toner
1s recovered 1nto the container unit 46. The recovered toner
1s mixed 1nto the toner 1n the container unit 46 by the stirring
mechanism 42.
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Designated by a referential number 54 1s a shutter for
protecting the photosensitive drum 1. The shutter 54 1s
attached to the cleaner unit frame 51. It 1s movable by a
shutter mechanism (unshown) between the closed position
(FIGS. 3-5) in which it covers the photosensitive drum
exposure window on the front side of the cartridge 7, and the
open position (indicated by double dot chain line in FIG. 3)
into which it 1s moved downward from the closed position
to expose the photosensitive drum exposure window. When
the cartridge 7 1s out of the apparatus main assembly 100, the
shutter 54 1s kept 1n the closed position, protecting thereby
the portion of the peripheral surface of the photosensitive
drum 1, which will remain exposed if there were no the
shutter 54. As the front cover 101 of the apparatus main
assembly 100 1s closed after the mounting of the cartridge 7
into the apparatus main assembly 100, the shutter 54 1is
moved 1nto the open position by the shutter mechanism
(unshown) which 1s moved by the movement of the front
cover 101. As a result, the electrostatic transfer belt 11 1s
allowed to be placed 1n contact with the peripheral surface
of the photosensitive drum 1 through the aforementioned
exposure window of the cartridge 7 (FIG. 1).

Designated by a referential number 53 1s a cartridge
insertion guide of the cleaner unit frame 51. There are two
cartridge insertion guides 353 located at the left and right
lengthwise ends, one for one. Designated by a referential
number 90 1s a handle to be used when mounting the
cartridge 7 1nto the apparatus main assembly 100 or remov-
ing it therefrom. There are two handles 90 which project
frontward from the left and right lengthwise ends of the
cartridge 7.

(3) Method for Mounting or Removing Cartridge 7

Next, the method for mounting the cartridge 7 into the
apparatus main assembly 100 or dismounting 1t therefrom
will be described. The operation for mounting the cartridges
7 1nto the apparatus main assembly 100 or removing them
therefrom 1s to be carried out after opening the front cover
101 of the apparatus main assembly 100 to fully expose the
cartridge 1nsertion opening 91 of the apparatus main assem-
bly 100 (FIGS. 2 and 6). When the front cover 101 is 1n the
closed state (FIG. 1), it remains locked to the apparatus main
assembly 100 by a latching mechanism (unshown). Thus, in
order to mount or remove the cartridge 7, first, the front
cover 101 must be unlocked from the apparatus main
assembly 100 by unlatching the latching mechanism, so that
the front cover 101 can rotated (opened), along with the
clectrostatic transferring apparatus 5 attached thereto, front-
ward of the apparatus main assembly 100, about the hinge
shaft 101a located at the bottom of the front cover 101. As
the front cover 101 is rotated (opened) all the way, the
cartridge 1nsertion opening 91 of the apparatus main assem-
bly 100 becomes fully exposed.

Through the cartridge insertion opening 91, the first to
fourth cartridges 7 are mountable i1nto the cartridge com-
partment of the apparatus main assembly 100, 1n a manner
to be stacked 1n parallel 1n the direction slightly tilted from
the true vertical direction, 1n the listed order, that 1s, with the
first cartridge mounted at the bottom. More specifically, the
cartridge compartment 1s divided into four cartridge slots,
which are the magenta, cyan, yellow, and black cartridge
slots, listing from the bottom. The four cartridge slots are
identical 1n cartridge mounting mechanism. Each cartridge
slot 1s provided with a pair of rough guides 103, a pair of
middle guides 104, and a pair of guiding grooves 105, for
oguiding the cartridge 7 into the 1mage forming position. FIG.
6 shows the inward side of the right plate of the apparatus
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main assembly 100. The inward side of the left plate is
symmetrical with that of the right plate.

An operator 1s to hold the cartridge 7 by the left and right
handles 90, by grasping the handles 90 with both hands, and
to 1nsert the cartridge 7 1nto the proper cartridge slot through
the cartridge insertion opening 91, so that the rear side of the
cartridge 7, that 1s, the side opposite to the side where the
photosensitive drum 1 1s exposed, faces forward, and also,
so that the left and right lengthwise end portions of the
cartridge 7 will be rested on the left and right rough guides
103 of the apparatus main assembly 100, respectively. As the
cartridge 7 1s inserted deeper into the apparatus main assem-
bly 100, the aforementioned pair of cartridge insertion
cguides 53 are moved onto the middle guides 104, causing
thereby the cartridge 7 to be lifted from the rough guides
103. Thereafter, the cartridge 7 1s guided by the middle
oguides 104.

As the cartridge 7 1s mserted even deeper 1nto the appa-
ratus main assembly 100, the left and right supporting
members 31a and 315 of the cartridge 7 are inserted 1nto the
left and right guiding grooves 105, respectively. Then, as the
cartridge 7 1s further inserted, the supporting members 31a
and 31b come 1nto contact with the deepest end of the
cguiding grooves 105, and prevent the further insertion of the
cartridge 7 1nto the apparatus main assembly 100. As a
result, the cartridge 7 1s precisely positioned relative to the
apparatus main assembly 100 i terms of the widthwise
direction.

After the cartridges 7 are inserted into the proper cartridge
slots as described above, the front cover 101, which was kept
open, 1s to be closed, and to be locked to the apparatus main
assembly 100 by latching the latching mechanism (un-
shown). The following are accomplished by the means
(unshown) which is moved by the closing movement of the
front cover 101:

1) Precise positioning of each cartridge 7 relative to the
apparatus main assembly 100 1n terms of the widthwise
direction of each cartridge 7, and keeping the cartridge
7 pressured 1n the direction 1n which the cartridge 7 1s
mserted;

2) Moving the shutter 54 of each cartridge 7 into the open
position; and

3) Starting the multiple pre-rotations of the image forming
apparatus in order to couple the flange 72, on the driven
side, of the photosensitive drum 1 of each cartridge 7
with the driving force transmitting member 73 on the
main apparatus side.

The function of precisely positioning each cartridge 7
relative to the apparatus main assembly 100 1n terms of the
widthwise direction of the cartridge 7 1s carried out by a pair
of pressing members (unshown), which are moved by the
movement of the front cover 101. When the front cover 101
1s open, that 1s, when the front cover 101 1s in the state in
which the cartridges 7 can be mounted 1nto, or removed
from, the apparatus main assembly 100, the pressing mem-
bers are 1n the positions into which they have been retracted
from the guiding grooves 105. Thus, when the cartridge 7 1s
inserted, the pressing members do not interfere with the
supporting members 31a and 31b of the cartridge 7. How-
ever, as the front cover 101 1s closed after the insertion of the
cartridges 7, the pressing members are moved into the
positions 1n which they press the supporting members 31a
and 31b against the deepest end of the guiding grooves 1035,
precisely positioning thereby the cartridge 7 relative to the
apparatus main assembly 100 1n terms of the widthwise
direction.
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With each cartridge 7 precisely positioned relative to the
apparatus main assembly 100, the flange 72, on the driven
side, of the cartridge 7, and the driving force transmitting
rotational member 73 of the apparatus main assembly 100
become coupled with each other, making it possible for the
diving force from the motor (unshown) of the apparatus
main assembly 100 to be transmitted to the flange 72, on the
driven side, of the cartridge 7, through the driving force
transmitting rotational member 73; 1n other words, 1t
becomes possible for the photosensitive drum 1 of each
cartridge 7 to be rotationally driven. It should be noted here
that the development sleeve 40, toner conveyance mecha-
nism 42, and toner supply roller 43 are driven by the rotation
of the photosensitive drum 1 through the gear train (un-
shown).

Also, electrical connection 1s established between the
electrical contacts (unshown) on the cartridge side and the
electrical contacts (unshown) on the main assembly side,
making 1t possible for charge bias and development bias to
be applied to the cartridge 7 from the power source (un-
shown) of the apparatus main assembly 100, and also, for
information or the like to be exchanged between the memory
clement on the cartridge side and the control circuit on the
apparatus main assembly side. The structure for grounding,
the photosensitive drum 1 will be described later 1n Section
(4).

All that 1s necessary to remove the cartridge 7 from the
apparatus main assembly 100 is to carry out in reverse the
above described steps for mounting the cartridge into the
apparatus main assembly 100. That 1s, first, the aforemen-
tioned latching mechanism 1s to be unlatched to unlock the
front cover 101 from the apparatus main assembly 100. Then
the front cover 101 1s rotated downward about the hinge
shaft 101a located at the bottom of the front cover 101 1n
order to open the front cover 101 frontward. As the front
cover 101 1s rotated downward, the cartridge pressing mem-
bers are retracted by the means which moved by the opening
movement of the front cover 101, bemng stopped from
pressing the cartridge 7. Also as the front cover 101 1s
opened, the driving force transmitting rotational member 73
becomes disengaged from the flange 72 of the driven side,
and the shutter 54 1s moved into the open position. Then, an
operator 1s to grasp the handles 90 of the cartridge 7 with
both hands, and to pull the cartridge 7 in the direction
opposite to the direction 1n which the cartridge 7 1s pushed
when 1t 1s mounted 1nto the apparatus main assembly 100.

This will remove the cartridge 7 from the apparatus main
assembly 100.

(4) Method for Connecting Drum Grounding Plate 71)

Next, referring to FIGS. 7-10, the method for connecting
the drum grounding plate 71 attached to the flange 72 on the
driven side will be described 1n more detail.

FIG. 7 1s a perspective view of the photosensitive drum
(which hereinafter will be referred to as photosensitive drum
unit) 1, and the driving force transmitting rotational member
73 on the apparatus main assembly side. FIG. 8 1s a
combination of a perspective view and vertical sectional
views of the photosensitive drum unit 1, showing the steps
followed to assemble the photosensitive drum unit 1. FIGS.
9 and 10 are enlarged views of the E portion in FIG. 8,
showing the state of connection between the drum ground-
ing plate 71 and drive shaft 70. FIG. 9 shows the positional
relationship between the drum grounding plate 71 and drive
shaft 70 at the moment the two have just come 1nto contact
with each other, or immediately before the two become
separated from each other. FIG. 10 shows the positional
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relationship between the drum grounding plate 71 and drive
shaft 70 when the cartridge 7 has been successtully
mounted, being therefore ready for image formation.

First, referring to FIG. 7, the structure of the photosen-
sitive drum unit 1 will be described.

The photosensitive drum unit 1 has a drum cylinder 74,
which comprises, as described before, an aluminum cylinder
and a layer of photosensitive substance coated on the
peripheral surface of the aluminum cylinder. The photosen-
sitive drum unit 1 also has a pair of flanges 72 and 75, which
are pressed 1nto the openings of the lengthwise ends of the
drum cylinder 74, being virtually integrated with the drum
cylinder 74. The flanges 72 and 75 are rotatably supported
by the bearing members 31a and 315 (FIGS. 4 and 5) with
which the cartridge 7 1s provided. To the flange 72 located
at one of the lengthwise ends of the photosensitive drum unit
1, the driving force is transmitted from the motor (unshown)
within the apparatus main assembly 100 through the driving
force transmitting rotational member 73, rotating thereby the
photosensitive drum unit 1. In this embodiment, hereinafter,
the flange 72 to which the driving force 1s transmitted from
the apparatus main assembly 100 will be referred to as the
driver flange 72, whereas the other flange will be referred to
as the non-driver flange 75.

FIG. 9 1s an enlarged view of the joint between the driver
flange 72 and driving force transmitting rotational member
73. The driver flange 72 1s provided with a spiral projection
72a (coupling projection) with a non-circular cross section;
the cross section of the spiral projection has a plurality of
apexes. The apparatus main assembly 100 1s provided with
the driving force transmitting rotational member 73 for
transmitting the driving force from the motor (unshown)
within the apparatus main assembly 100, to the photosen-
sitive drum unit 1. The driving force transmitting rotational
member 73 has a spiral hole 73a (coupling hole) with a
non-circular cross section; the cross section of the spiral hole
has a plurality of apexes. The axial line of the spiral hole 73a
comncides with that of the driving force transmitting rota-
tional member 73. As the cartridge 7 1s mounted into the
apparatus main assembly 100, the spiral projection 72a
enters the spiral hole 73a, enabling the rotational driving
force to be transmitted to the photosensitive drum unit 1. As
the driving force transmitting rotational member 73 1is
rotated by the motor on the apparatus main assembly side,
a force A' which acts 1 a direction to pull the spiral
projection 72a into the spiral hole 73 1s generated, causing,
the driving force transmitting rotational member 73 and the
photosensitive drum unit 1 to be drawn toward each other.

The spiral projection 72a 1s provided with an electrically
conductive second member 71 (which hereinafter will be
referred to as a drum grounding plate) for establishing an
electrical connection between the photosensitive drum unit
1 and apparatus main assembly 100. The drum grounding
plate 71 1s located at the center of the spiral projection 72a,
in terms of the radius direction of the projection 72a, and 1s
placed 1n contact with the internal surface of the drum
cylinder 74. The driving force transmitting rotational mem-
ber 73 1s provided with an electrically conductive first
member 70 (which hereinafter will be referred to as a drive
shaft) for establishing our electrical connection between the
photosensitive drum unit 1 and apparatus main assembly
100. The electrically conductive first member, or the drive
shaft 70, projects a predetermined distance from the center
of the bottom of the spiral hole 73a. The first and second
clectrically conductive members 70 and 71 allow the
residual electric charge of the photosensitive drum unit 1 to
escape to the apparatus main assembly 100.
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Referring to FIG. 8, the drum grounding plate 71 1s a
single-piece member, and flat contact portion 71a, and a
contact portion 71b 1n the form of an arm. The flat contact
portion 71a, as one of the contacting means, 1s supported by
the flat portion 72g provided within the driver flange 72. The
arm-shaped contact portion 71b as the other contacting
means 1s formed by bending or the like method. In terms of
the lengthwise direction, the arm-like contact portion 71b
extends outward beyond the flat contact portion 71a.

Referring to FIG. 9, the driver shaft 70, which 1s on the
apparatus main assembly side, rotates with the driving force
transmitting rotational member 73. The driver flange 72 1s
provided with a hole 727 into which the drive shaft 70 fits ,
and which 1s located roughly at the center of the driver
flange 72 1n terms of the radius direction. When the image
forming apparatus 1s actually ready for image formation, the
tip 70a of the drive shaft 70 1s 1n contact with the flat contact
portion 71a. The {flat contact portion 71la 1s supported
(backed) by the flat portion 72g provided within the driver
flange 72. As the drive force transmitting rotational member
73 1s rotated, with the spiral projection 72a being in the
spiral hole 73a, the force A' which acts 1n the direction to
pull the projection 72a into the hole 73a 1s generated. The
contact pressure generated by the force A" applies to the tip
70a of the drive shaft 70 and the flat contact portion 71a.
This concludes the coupling between the driving force
transmitting rotational member 73 and driver flange 72
(photosensitive drum unit 1). The driving force transmitting
rotational member 73 is provided with a spring (unshown)
for keeping the connected photosensitive drum unit 1 pres-
sured 1 the lengthwise direction. Thus, the non-driver
flange 75 is kept pressured upon the cleaner unit 50 (car-
tridge 7) through the photosensitive drum unit 1. Therefore,
the cleaner unit 50 1s kept pressed upon-the side plate 102 of
the apparatus main assembly 100. As a result, the cartridge
7 1s precisely positioned-relative to the apparatus main
assembly 100 in terms of the lengthwise direction.

Next, the process through which the drum grounding plate
71 becomes connected to 1ts counterpart will be described in
detail. Referring to FIG. 9 which shows the positional
relationship between the drum grounding plate 71 and drive
shaft 70 at the moment the two have just come 1nto contact
with each other, or immediately before the two become
separated from each other, prior to the insertion of the
cartridge 7 into the apparatus main assembly 100, the
driving force transmitting rotational member 73 of the
apparatus main assembly 100 remains retracted, being
thereby prevented from interfering with the insertion of the
cartridge 7. As the cartridge 7 1s mounted 1nto the apparatus
main assembly 100, and the front cover 101 of the apparatus
main assembly 100 is closed (FIG. 2), the driving force
transmitting rotational member 73 1s moved, while being
rotated, toward the driver flange 72 1n the lengthwise direc-
tion. As a result, the cartridge 7 (driver flange 72) and the
apparatus main assembly 100 (driving force transmitting
rotational member 73) become partially connected; the
spiral projection 72a partially enters the spiral hole 73a.

In this state, the pre-rotation step (in which the apparatus
1s driven for a predetermined length of time between when
a print start signal 1s 1nputted and when an actual 1image
forming operation starts) is carried out. During this pre-
rotation step, a rotational driving force 1s mnputted from the
driving force transmitting rotational member 73 into the
drive flange 72 mtegral with the photosensitive drum unit 1.
There occurs sometimes that the spiral projection 72a fails
to enter the spiral hole 73a (the driver flange 72 fails to mesh
with the driving force transmitting rotational member 73)
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because they fail to synchronize i1n rotational phase during
the preceding step, that 1s, the closing of the front cover 101
of the apparatus main assembly 100. However, the driving
force transmitting rotational member 73 1s kept pressed upon
20 the photosensitive drum unit 1 (driver flange 72) in the
lengthwise direction, as described above. Therefore, the
driver flange 72 and the driving force transmitting rotational
member 73 are eventually made to synchronize in rotational
phase, meshing therefore with each other, during this pre-
rotation period.

As the rotational driving force 1s inputted, with the driving
force transmitting rotational member 73 and the driver
flange 73 partially meshed (the spiral projection 72a being
partially placed in the spiral hole 73a), the force A', which
acts 1n the direction to draw the driving force transmitting
rotational member 73 and driver flange 72 (photosensitive
drum unit 1) toward each other (draw spiral projection 72a
into spiral hole 73a), is generated. As a result, the spiral
projection 72a 1s drawn 1nto the spiral hole 73a. Therefore,
in the driver flange 72, the drive shaft 70 and drum ground-
ing plate 71 are drawn toward each other, causing the tip of
the arm-shaped contact portion 715 of the drum grounding
plate 71 to come 1nto contact with the tip of the drive shaft
70, at a point bl (FIG. 9).

As the 1nput of the rotational driving force 1s continued,
the generation of the force A' also continues, causing the tip
of the arm-shaped contact portion 715 of the drum ground-
ing plate 71 to follow the surface of the tip 705 of the drive
shaft 70 1n the radius direction of the drive shaft 70 as
indicated by a letter c. In other words, the contact point
between the tip of the arm-shaped portion 715 of the drum
crounding plate 71 and drive shaft 70 shifts as the spiral
projection 72a 1s drawn 1nto the spiral hole 73a. Since the
drum grounding plate 71 1s formed of an electrically con-
ductive elastic substance, it elastically deforms. Therefore,
the tip 1n the arm-shaped portion 715 of the drum grounding
plate 71 slides on the surface of the tip 70b of the drive shaft
70, while applying a slight pressure upon the surface of the
tip 70b of the drive shaft 70, while the spiral projection 72a
1s drawn 1nto the spiral hole 73a.

In other words, as the 1nput of the rotational driving force
continues, the spiral projection 724 1s drawn into the spiral
hole 73a so that the drive shaft 70 and drum grounding plate
71 are drawn to each other. As a result, the tip 70a of the
drive shaft 70 comes into contact with the flat portion 71a of
the drum grounding plate 71 as shown 1n FIG. 10. In other
words, at the same time as the cartridge 7 1s precisely
positioned relative to the apparatus main assembly 100,
electrical connection 1s established between the apparatus
main assembly 100 and present invention drum unit 1 by the
contact pressure A, which 1s the combination of the force A
and the pressure generated by the resiliency of the springs
(unshown). Until the tip 70a of the drive shaft 70, and the flat
portion 71a of the drum grounding plate 71 come mto
contact with each other, the drive shaft 70 i1s continuously
rotated relative to the drum grounding plate 71. Thus, during
this period, the tip of the arm-shaped portion 71b keeps on
sliding on the surface of the tip 705 of the drive shaft 70, not
only 1n the lengthwise direction of the drive shaft 70, but
also, 1n the radially outward direction of the drive shaft 70.
In other words, the tip of the arm-shaped portion 71b of the
drum grounding plate 71 slides on the surface of the tip of
the shaft 70, from the contact point bl (FIG. 9) to the contact
point b2 (FIG. 10) as indicated by the referential letter ¢ in
FIGS. 9 and 10. Thereafter, the electrical connection
between the apparatus main assembly 100 and photosensi-
five drum unit 1 1s maintained at the contact point b2
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between the tip of the arm-shaped portion 715 of the drum
cgrounding plate 71, and the surface of the tip 70a of the shaft
70, by the contact pressure B generated by the arm-shaped
portion 71b of the drum grounding plate 71.

With the employment of the above-described method for
clectrically connecting the drum grounding plate 71 to the
drive shaft 70, the contact point between the photosensitive
drum unit 1 and the drive shaft 70 does not shift (slide) in
the lengthwise direction during the actual image forming
operation. That 1s, while the driver flange 72 and the driving
force transmitting rotational member 73 are rotating
together, with the spiral projection 72a engaged 1n the spiral
hole 73a, the drum grounding plate 71 (flat portion 71a and
arm-shaped portion 71b) and the drive shaft 70 (tip 70a of
drive shaft) rotate together while remaining in contact with
cach other. Therefore, the cartridge 7 1s reliably grounded to
the apparatus main assembly 100. The drive shaft 70, which
rotates with the driving force transmitting rotational member
73, is connected to the power supplying member (unshown)
of the apparatus main assembly 100. The portion of the drive
shaft 70 (portion of the power supplying member), which
rubs against the power supplying member 1s coated with
electrically conductive grease to assure that the cartridge 7
1s grounded to the apparatus main assembly 100. It should
be noted here that the contact point between the photosen-
sitive drum unit 1 and drive shaft 70, which a user can touch,
1s not coated with electrically conductive grease. With the
provision of the above-described structural arrangement in
this embodiment of the present invention in which the
contact point between the apparatus main assembly 100 and
the cartridge 7 does not shift in the lengthwise direction
during a period 1in which an 1mage 1s actually formed, the
cartridge 7 remains better grounded than with the provision
of the structural arrangement 1n accordance with the prior
art. Further, while the driver flange 72 (drum grounding
plate 71) and the drive shaft 70 rotate together, with the
spiral projection 72a remaining in the spiral hole 73a, the
wall of the hole 72j into which the drive shaft 70 fits, and
drum grounding plate 71, are prevented from being worn by
the friction between the two, minimizing therefore their
frictional wear.

The contact pressure between the flat portion 71a of the
drum grounding plate 71 and the tip 70a of the drive shaft
70 1s generated by the force A' generated as the drive shaft
70 1s rotated by the rotational driving force transmitted
thereto. In other words, the contact pressure 1s generated
only while the driving force i1s inputted. Therefore, the
members pertinent to the electrical connection between the
apparatus main assembly 100 and cartridge 7 are less likely
to suffer from fatigue. In addition, at the beginning of the
transmission of the driving force, the contact point between
the tip 70a of the drive shaft 70 and the flat portion 71a of
the drum grounding plate 71 slightly shifts, creating the
wiping effect.

As for the grounding of the photosensitive drum unit 1
through the arm-shaped portion 71b, or the other contact
point, of the drum grounding plate 71, as the spiral projec-
tion 72a 1s drawn into the spiral hole 73a, the tip of the
arm-shaped portion 71b slides on the surface of the tip 705
of the drive shaft 70 while being kept 1n contact with the
surface by 1ts own resiliency. In other words, 1t wipes 1tself
while wiping the surface of the tip 700 of the shaft 70, better
cgrounding therefore the photosensitive drum unit 1.

The configuration of the tip (inclusive of points 70a and
70b) of the drive shaft 70 does not need to be limited to the
one 1n this embodiment. It has only to be such that allows the
tip of the arm-shaped portion 715 of the drum grounding
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member 71 to be slid on the surface of the tip (inclusive of
points 70a and 70b) of the shaft 70 as the spiral projection
72a 1s drawn 1nto the spiral hole 73a.

Referring to FIGS. 9 and 10, mn this embodiment, the
arm-shaped portion 71b of the drum grounding plate 71 1s
shaped so that while 1ts tip slides on the surface of the tip 70a
of the drive shaft 70, the angle of the surface of the tip of the
arm-shaped portion 71b relative to the line tangential to the
surtace of the tip 70b of the drive shaft 70 remains as small
as possible, making it easier for the tip of the arm-shaped
portion 71a to slide on the surface of the tip 70a of the drive
shaft 70. Obviously, as long as the arm-shaped portion 715
1s shaped so that as the spiral projection 72a 1s drawn 1nto
the spiral hole 73a, the tip of the arm-shape portion 715 1s
allowed to slide on (move in contact with) the surface of the
tip 70a of the drive shaft 70, the same wiping effect as that
realized by this embodiment can be realized. In other words,
the arm-shaped portion 715 of the drum grounding plate 71
may be differently bent from the shape in which 1t 1s bent 1n
this embodiment.

Further, 1n this embodiment, the arm-shaped portion 71b
and flat portion plate 71b of the drum grounding plate 71 are
formed by cutting and bending a single piece of an electri-
cally conductive springy plate. However, the same effects as
those described above can be obtained even if two or more
clectrically conductive members are combined to form the
drum grounding plate 71 having the flat and arm-shaped
portions 71a and 71b. Further, even 1f the spiral hole 73a
with a non-circular cross section and spiral projection 72a
with a non-circular cross section are switched 1n position,
the same effects as those obtained by this embodiment can
be obtained. In other words, even it the driver flange 72 1s
provided with a non-circular spiral hole 73a which has a
cross section having a plurality of apexes, and the rotational
axis of which coincides with that of the flange 72, and the
driving force transmitting rotational member 73 of the
apparatus main assembly 100 1s provided with a spiral
projection (72a) which has a cross section having a plurality
of apexes, and the rotational axis of which coincides with
that of the driving force transmitting rotational member 73,
the same effects as those obtained by this embodiment can
be obtained

Further, the drive shaft 70 and drum grounding plate 71
may be switched 1n position. In other words, even 1f the
drum grounding plate 71 1s positioned at the center of the
spiral hole 73a with a non-circular cross section, and the
spiral projection 72a with a non-circular cross section 1s
provided with the drive shaft 70, the rotational axis of which
coincides with that of the spiral projection 72a, the same
cliects as those obtamned by this embodiment can be
obtained. However, placing the drum grounding plate 71 at
the center of the spiral projection 72a with a non-circular
cross section makes the hole 727 of the spiral projection 724,
through which the drive shaft 70 1s put to be connected to the
drum grounding plate 71, 1dentical in diameter as the drive
shaft 70, and therefore, making 1t possible to reduce the
spiral hole 73a in cross section. Therefore, placing the drum
orounding plate 71 at the center of the spiral projection 72a
1s superior for the purpose of preventing foreign objects
from coming into contact with the springy drum grounding
plate 71 from outside.

(5) Attachment of Drum Grounding Plate 71

Next, referring to FIG. 8, the steps to be followed 1n order
to attach the drum grounding plate 71 to the driver flange 72
will be described in detail.
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FIG. 8 1s a combination of a perspective view and vertical
sectional views of the driver flange 72 and drum grounding
plate 71, showing the steps to be followed to attach the drum
cgrounding plate 71.

The drum grounding plate 71 1s attached to the driver
flange 72 following steps 1)-8) in the numerical order. FIG.
8 (step 1) shows the drum grounding plate 71 and driver
flange 72 prior to the attachment of the drum grounding plate
71 to the driver flange 72.

The drum grounding plate 71 1n this embodiment 1s bent
roughly 1n the shape of a letter L. In the sectional view of the
drum grounding plate 71, at a plane perpendicular to the
vertical portion of the letter “L” (direction perpendicular to
lengthwise direction described before), the drum grounding,
plate 71 has a pair of projections 71c¢ (by which drum
grounding plate 71 is guided), which perpendicularly project
from the longest edges of the drum grounding plate 71, one
for one. The drum grounding plate 71 also has: a positioning
hole 71d for precisely positioning the drum grounding plate
71 within the driver flange 72; a projection 71e by which the
drum grounding plate 71 1s placed in contact with the
internal surface of the drum cylinder to establish electrical
connection between the drum grounding plate 71 and the
drum cylinder 74; and aforementioned flat and arm-shaped
portion 71a and 71b.

The driver flange 72 1s provided with a positioning pin
72b which fits into the positioning hole 71d of the drum
grounding plate 71, and the spiral projection 72a (coupling
portion) with a non-circular cross section, which has a
plurality of apexes and projects from the end of the driver
flange 72. Referring to FIG. 8 (step 2), the driver flange 72
1s provided with an internal space 72¢ into which the drum
orounding plate 71 1s inserted. When attaching the drum
orounding plate 71 to the driver flange 72, the drum ground-
ing plate 71 1s to be 1nserted, from its contact point side, into
the driver flange 72 from the rear end of the driver flange 72
toward the front end, provided that the portion of the driver
flange 72, which has the coupling portion, i1s the front end
portion.

As the drum grounding plate 71 1s inserted further into the
driver flange 72 as shown in FIG. 8 (step 3), the pair of
projections 71c, which perpendicularly project from the
longest edges of the drum grounding plate 71, come into
contact with a pair guide portions 72d of the driver flange 72,
which are located within the internal space 72¢. Each guide
portion 72d 1s tilted backward in terms of the direction in
which the drum grounding plate 71 1s inserted 1nto the drum
grounding plate 71; in other words, the bottom end of the
oguide portion 72d 1s located more mward of the internal
space 72c¢ than the top end of the guide portion 72d.
Therefore, as the drum grounding plate 71 1s further
inserted, 1t 1s guided downward 1n the drawing by the pair of
ouiding portions 72d. As a result, the tip portion of the drum
crounding plate 71, which essentially 1s the contact point, 1s
clastically deformed into the space 72¢, and the positioning
pin 72b of the driver flange 72, which projects from the rear
surface of the driver flange 72 fits into the positioning hole
71d of the drum grounding plate 71.

The bottom end of each of the slanted guide portion 72d
is connected to the slit (groove) 72¢, the dimension of which
in terms of the vertical direction 1mn FIG. 8 1s equal to the
thickness of the drum grounding plate 71. Thus, as the drum
orounding plate 71 is further insert after its contact with the
pair of guiding portions 72d in FIG. 8 (step 4), the pair of
projections 71c¢ of the drum grounding plate 71 slide 1nto the
pair of slits (grooves) 72¢, one for one. Even after the sliding
of the pair of projections 71c¢ of the drum grounding plate 71
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into the pair of slits (grooves) 72¢, the tip portion of the
drum grounding plate 71 is kept within the space 72¢ by the
resiliency of the drum grounding plate 71.

The leading end portion of the drum grounding plate 71,
in terms of the plate insertion direction, 1s provided with a 5
catch portion 71f formed by bending the very tip of the
leading end portion of the drum grounding plate 71. Thus, as
the drum grounding plate 71 1s further inserted into the
driver flange 72 while elastically bending the trailing end
portion of the drum grounding plate 71 in the direction 10
indicated by an arrow mark in FIG. 8 (step 4), the catch
portion 71/ 1s moved beyond the flat end portion 72g of the
driver tflange 72, and 1s moved downward, 1n the drawing,
sliding on the flat end portion 72g, by the resiliency of the
drum grounding plate 71 itself. In other words, the tip of the 15
drum grounding plate 71 1s moved downward in the space
72¢, as shown in FIG. 8 (step 5).

Further, the driver flange 72 1s provided with a recess 72f
into which the catch portion 71f of the drum grounding plate
71 latches. As the pressure applied to the rear end of the 20
drum grounding plate 71 1s removed, the resiliency of the
drum grounding plate 71 generates such force that acts in the
direction to move the tip of the drum grounding plate 71 in
the direction indicated by an arrow mark in FIG. 8 (step 6).
As a result, the back side of the flat portion 714 of the drum 25
orounding plate 71 1s placed flatly mn contact with the flat
portion 72g of the driver flange 72. It should be noted here
that the dimension m (distance between the rear end and flat
end portion 72g of the driver flange 72) and dimension n
(distance between the rear end and flat portion 71a of the 30
drum ground plate 71) are set so that even if the combination
of the tolerances of the drum grounding plate 71 and river
flange 72 1s substantial, the equation n=m 1s satisfled,
ensuring that the flat portion 71a of the drum grounding
plate 71 1s placed flatly in contact with the flat end portion 35
72g of the driver flange 72.

The catch portion 71f located at the very tip of the drum
crounding plate 71 latches into the recess 72f of the driver
flange 72, preventing thereby the drum grounding plate 71
from tloating upward, since the catch portion 71f 1s formed 40
by bending rearward the very tip of the drum grounding
plate 71. Therefore, it entirely fits into the recess 72f of the
driver tlange 72, and therefore, does not interfere with the
electrical connection between the drum grounding plate 71
and drive shaft 70. 45

In the step 7), the positioning pin 72b is thermally
deformed to form a retainer portion 72/ 1n order to prevent
the drum grounding plate 71 from moving relative to the
driver flange 72.

The above described steps 1)-7) ensure that the drum 50
crounding plate 71 1s precisely positioned in the driver
flange 72. In particular, they ensure that the aforementioned
two contact points between the drive shaft 70 and drum
grounding plate 71 remain stable 1n position.

In the step 8), or the last step, the rear end portion 72¢ of 55
the driver flange 72 1s pressed into the drum cylinder 74.
During this step, the projection 71e of the drum grounding
plate 71 slides on the internal surface of the drum cylinder
74. After the rear portion 72: of the drum grounding plate 71
1s pressed 1nto the drum cylinder 74, the projection 71e 1s 60
kept pressed upon the mternal surface of the drum cylinder
74 by the resiliency of the drum grounding plate 71, ensur-
ing the electrical connection between the drum grounding
plate 71 and drum cylinder 74.

The above described steps for assembling the photosen- 65
sitive drum unit 1 makes 1t possible to work on the driver
flange 72, from one end of the driver flange 72, that is, the
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drum grounding plate 71 can be simply mserted into the
driver tlange 72, from the rear end of the driver flange 72,
improving the efficiency with which the photosensitive drum
unit 1 1s assembled. Further, since the drum grounding plate
71 1s formed as a single-piece component, and the interior of
the driver flange 72 1s structured as described above, not
only 1s it ensured that the photosensitive drum unit 1 is
properly grounded, but also, the photosensitive drum unit 1
1s improved 1n assembly efficiency. In other words, accord-
ing to this embodiment of the present invention, the drum
unit 1 can be reliably grounded to the apparatus main
assembly 100 with the use of the simpler structural arrange-
ment, improving thereby the image forming apparatus in
cost performance.

As described above, 1n this embodiment:

1) The photosensitive drum unit 1 is grounded through the
clectrical connection between the drive shaft 70 (first
conductive member) on the main assembly side of the
image forming apparatus, and the drum grounding plate
71 (second conductive member) placed within the drum
cylinder 74 of the photosensitive drum unit 1. In the
case of this structural arrangement, the drum grounding
plate 71 1s provided with the flat contact portion 71a
and arm-shaped contact portion 71b, and as the rota-
tional driving force is transmitted to the spiral projec-
tion 72a having entered the spiral hole 734, the force A’
which draws the spiral projection 72a into the spiral 1
hole 73a (driving force transmitting rotational member
73) 1s generated, causing the photosensitive drum unit
1 to be moved toward the driving force transmitting,
rotational member 73. Then, as the photosensitive drum
unit.1 1s moved toward the driving force transmitting
rotational member 73, the flat contact portion 71a of the
drum grounding plate 71 comes 1nto contact with the
tip of the drive shaft 70, and the tip of the arm-shaped
portion 71b slides on the surface of the tip 70a of the
drive shaft 70. In other words, the structural arrange-
ment 1n this embodiment provides two means for
clectrically connecting the photosensitive drum unit 1
and apparatus main assembly 100, making it possible to
better grounding the photosensitive drum unit 1.

Further, the contact point of the photosensitive drum unit
1 and the contact point of the drive shaft 70 are prevented
from keeping on rubbing each other after they are connected,
making 1t possible for the cartridge 7 to be more reliably
orounded to the apparatus main assembly 100. Further, the
drive flange 72 (drum grounding plate 71) is solidly located
with the drive shaft 70. Therefore, the wall of the hole 727
of the driver flange 72, into which the drive shaft 70 fits, and
the drum grounding plate 71, are presented from being
frictionally worn.

As for the first means for electrically connecting the
photosensitive drum unit 1 to the apparatus main assembly
100, the flat contact portion 71a of the drum grounding plate
71 1s placed, and kept, 1n contact with the tip 70a of the drive
shaft 70 by the contact pressure, or the force A’ generated 1n
the direction to draw the spiral projection 72a of the driver
flange 72 1nto the spiral hole 73a of the driving force
fransmitting rotational member 73 as the rotational driving
force 1s transmitted to the spiral projection 72a placed 1n the
spiral hole 73a. Therefore, the contact pressure applies only
while the driving force 1s 1nputted, preventing the compo-
nents pertinent to the electrical connection between the
photosensitive drum unit 1 and apparatus main assembly
100 from being fatigued by the contact pressure. Further, the
point of contact between the contact points on the photo-
sensitive drum unit side and the contact point on the appa-
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ratus main assembly side are structured so that they slightly
shift 1n position, and once the connection 1s fully estab-
lished, they do not shift in position while the driving force
1s transmitted. Therefore, the tip 70a of the drive shaft 70
and the flat contact portion 71a of the drum grounding plate
71 wipe each other at the beginning of the transmission of
the driving force, and yet, the components pertinent to the
clectrical connection between the photosensitive drum unit
1 and apparatus main assembly 100 are not frictionally worn
during the rest of the transmission of the driving force.

As for the second means for electrically connecting the
photosensitive drum unit 1 to the apparatus main assembly
100, the arm-shaped portion 71b of the drum grounding
plate 71 slides on the surface of the tip 70b of the drive-shaft
70, while being kept pressured upon the surface of the end
portion 70b of the drive shaft 70 by the resiliency of the
drum grounding plate 71. Therefore, the point of contact
between the arm-shaped portion 715 and tip 705 shifts in
position only at the beginning and end of the transmission of
the driving force; 1t does not shift 1 position during the rest
of the driving force transmission. Therefore, the arm-shaped
portion 71b and the tip 70b of the drive shaft 70 wipe each
other as they become fully connected, ensuring the electrical
connection between the photosensitive drum unit 1 and
apparatus main assembly 100.

2) The drum grounding plate 71 having the flat contact
portion 71a and the arm-shaped contact portion 71b 1s
formed as a single-piece component, reducing thereby
the component count.

3) As the means for accurately attaching the drum ground-
ing plate 71 to the driver flange 72, the driver flange 72
1s provided with the pair of guide portions 72d for
cuiding the drum grounding plate 71 to the predeter-
mined position in the internal space 72c¢, whereas the
drum grounding plate 71 1s provided with the pair of
projections 71c¢ by which the drum grounding plate 71
1s guided by the pair of guide portions 72d. Therefore,
the drum grounding plate 71 can be attached to the
driver flange 72 by simply pushing the drum grounding
plate 71 into the driver flange 72 from the rear end of
the driver flange 72, improving the photosensitive drum
unit 1 1n assembly efficiency.

4) For the purpose of preventing the drum grounding plate
71 from moving after its attachment to the driver flange
72, the drum grounding plate 71 1s provided with the
catch portion 71f bent toward the rear of the drum
crounding plate 71, whereas the driver flange 72 1is
provided with the recess 71f into which the catch
portion 71f latches. In addition, the drum grounding
plate 71 1s shaped so that as the drum grounding plate
71 1s attached to the driver flange 72, the catch portion
71f latches into the recess 72f and remains latched
therein, by the resiliency of the drum grounding plate
71 itself. Therefore, the actual contact portion, or the
tip, of the drum grounding plate 71 1s prevented from
floating (becoming separated) from the driver flange
72. Theretore, 1t 1s assured that the point of contact 1s
precisely position. Consequently, the photosensitive
drum unit 1 1s better grounded.

5) The photosensitive drum unit 1 having the above
described drum grounding features 1)—4) may be struc-
tured so that 1t can be directly mounted into, or
removed from, the apparatus main assembly 1000,
without being placed in the process cartridge. Such an
arrangement also produces the same effects as those
described above.
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| Miscellanies]

1) As for the developing method, one of the widely known
developing methods, for example, two component
magnetic brush based developing method, cascade
developing method, touch-down developing method,
cloud developing method, etc., may be employed,
instead of the developing method employed in the
above described embodiment.

2) In the above described embodiment, the so-called
contact type charging method 1s employed as the charg-
ing means. Obviously, the charging method does not
neced to be limited to the above described one. For
example, one of the charging methods, which has been
widely used 1n the past, may be employed. Namely, a
piece of tungsten wire 1s surrounded on three sides by
a shield formed of metallic substance such as alumi-
num, so that the positive or negative ions generated by
applying high voltage to the tungsten wire can be
transferred onto the peripheral surface of the photosen-
sitive drum 1n order to uniformly charge the peripheral
surface of the photosensitive drum.

As for the charging means, a blade (charge blade), a pad,

a block, a rod, a wire, or the like, may be employed 1n stead
of the aforementioned roller.

3) As for the method for removing the toner remaining on
the photosensitive drum, a cleaning means 1n the form
of a blade, a fur brush, a magnetic brush, or the like,
may be employed instead of the above described one.

According to the present invention, 1t 1s possible to
provide an electrophotographic photosensitive drum capable
of reliably establishing electrical connection between it and
the main assembly of an electrophotographic image forming
apparatus, a process cartridge comprising said electropho-
tographic photosensitive drum, and an electrophotographic
image forming apparatus compatible with said electropho-
tographic photosensitive drum and process cartridge.

Also according to the present invention, it 1s possible to
provide an electrophotographic photosensitive drum capable
of wiping its electrically conductive member 1n order to be
reliably grounded, a process cartridge comprising the elec-
trophotographic photosensitive drum, and an electrophoto-
graphic 1mage forming apparatus compatible with the elec-
trophotographic photosensitive drum and process cartridge.

Also according to the present invention, 1t 1s possible to
provide an electrophotographic photosensitive drum capable
of rotating the first and second electrically conductive mem-
bers together 1n order to prevent the conductive members
from being frictionally worn, a process cartridge comprising
the electrophotographic photosensitive drum, and an elec-
trophotographic 1mage forming apparatus compatible with
the electrophotographic photosensitive drum and the process
cartridge.

While the invention has been described with reference to
the structures disclosed herein, 1t 1s not confined to the
details set forth, and this application i1s 1ntended to cover
such modifications or changes as may come within the
purposes of the improvements or the scope of the following
claims.

This application claims priority from Japanese Patent
Application No. 099503/2004 filed Mar. 30, 2004, which 1s
hereby incorporated by reference.

What 1s claimed 1s:

1. An electrophotographic photosensitive drum usable
with an electrophotographic 1mage forming apparatus, com-
prising:

a non-circular twisted projection having a cross-section

with a plurality of corner portions, said non-circular
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twisted projection being provided at one longitudinal
end of said electrophotographic photosensitive drum,
and being engageable with a non-circular twisted hole
having a cross-section with a plurality of corner por-
tions, the non-circular twisted hole being disposed at a
central portion of a driving rotatable member of a main
assembly of the image forming apparatus; and
a drum electroconductive member provided on said pro-
jection and being electrically connected with said elec-
trophotographic photosensitive drum, said drum elec-
troconductive member being contactable with a main-
assembly electroconductive member electrically
connected with the main assembly of the 1image form-
ing apparatus, the main-assembly electroconductive
member being disposed i the hole to ground said
clectrophotographic photosensitive drum,
wherein a contact position between said drum electrocon-
ductive member and the main-assembly electroconduc-
tive member moves 1n interrelation with said projection
being moved toward the hole by rotation of the driving
rotatable member when said projection 1s engaged with
the hole of the driving rotatable member, and
wherein said drum electroconductive member has a pro-
jected hook, and a driving side flange member of said
non-circular twisted projection has a recess configured
to engage said hook, to prevent movement of said drum
electroconductive member, and when said drum elec-
troconductive member 1s mounted to said driving side
flange member, said hook and said recess are urged
toward engagement with each other.
2. An clectrophotographic photosensitive drum usable
with an electrophotographic 1mage forming apparatus, com-
prising:
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a non-circular twisted projection having a cross-section

with a plurality of corner portions, said non-circular
twisted projection being provided at one longitudinal
end of said electrophotographic photosensitive drum,
and being engageable with a non-circular twisted hole
having a cross-section with a plurality of corner por-
tions, the non-circular twisted hole being disposed at a
central portion of a driving rotatable member of a main
assembly of the image forming apparatus; and

a drum electroconductive member provided on said pro-
jection and being electrically connected with said elec-

trophotographic photosensitive drum, said drum elec-
troconductive member being contactable with a main-
assembly electroconductive member electrically
connected with the main assembly of the 1image form-
ing apparatus, the main-assembly electroconductive
member being disposed in the hole to ground said
clectrophotographic photosensitive drum,

wherein while said projection 1s 1n engagement with the

hole and 1s being rotated, the main-assembly electro-
conductive member and said drum electroconductive
member are integrally rotated while being 1n contact
with each other,

wherein said drum electroconductive member has a pro-

jected hook, and a driving side flange member of said
non-circular twisted projection has a recess configured
to engage said hook, to prevent movement of said drum
electroconductive member, and when said drum elec-
troconductive member 1s mounted to said driving side
flange member, said hook and said recess are urged
toward engagement with each other.
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